Peanut (Arachis hypogaea L.) and cotton (Gossypium hirsutum) plants were grown for 4 weeks in saline, isoosmotic rooting substrates with different proportions of K and Na. Isoosmotic media did not affect growth (except at the highest external K concentrations) or estimates of intracellular osmotic pressure in expanding leaves (i.e. osmotic pressure of leaf sap and intracellular osmotic pressure as calculated from pressurevolume curves). In expanded leaves, an increase in the proportion of external K increased sap osmotic pressure. The sum of [K+Na+ClJ in the sap of expanding and expanded leaves accounted for the effect of isoosmotic media on the concentration of osmolytes with high electrical conductance, so the difference between sap osmotic pressure and [K+Na+ClJ accounted for the concentration of osmolytes with low conductance. In expanding leaves, an increase in the proportion of external K increased [K+Na+CIl and decreased the concentration of osmolytes with low conductance. In expanded leaves, an increase in the proportion of external K increased [K+Na+Cli to approximately the same extent as sap osmotic pressure. Isoosmotic regulation was apparent in expanding leaves but not evident in expanded leaves. This suggests a turgor homeostat which can influence the concentration of organic solutes in expanding leaves but cannot control the import of inorganic solutes from a rooting medium nor the total production of organic solutes in plants with a low sink:source ratio.
adjust and many can only partially maintain turgor in response to salt stress and water deficit (24) . Such large variability suggests that the accumulation of solutes in tissues of higher plants does not always indicate adaptation to stress but is a consequence of interactions between growth rate, solute availability, and solutegenerating reactions that are not influenced by changes in cell turgor (23) .
The capacity of some higher plants to maintain a particular Wi and cell turgor by the use of different solutes a the same ir0, defined to be isoosmotic regulation (27) , has been cited as evidence for a mechanism of osmotic and turgor homeostasis (5, 14, 16) . Different isoosmotic media can have a negligible effect on growth (1, 18) so that the effect of isoosmotic media on the composition of a tissue can be determined in the absence of interactions between growth rate and solute transport. However, past claims of isoosmotic regulation lack an assessment of the response of iri to the total amount of external solutes absorbed by a tissue. There are several cases in which -xi was affected by the composition of isoosmotic media (13, 21, 23) and in some cases ofisoosmotic regulation the differences in the total concentration of inorganic osmolytes in a tissue were not enough to significantly change iri (1) .
In our study, under isoosmotic conditions, an increase in the concentration of inorganic osmolytes in the leaves of cotton and peanut was associated with a proportional increase in the sap osmotic pressure of expanded leaves but did not affect the sap osmotic pressure of expanding leaves. The two crops differ markedly in their salt tolerance and in their properties of ion transport. Peanut is salt sensitive and excludes Na from its leaves (20) , while cotton is salt tolerant in comparison with other crops and does not exclude Na (12) . Thus, it is probable that similarities in the response to saline, isoosmotic substrates between the two crops would also be present in other nonhalophytic angiosperms.
MATERIALS AND METHODS
Peanut (Arachis hypogaea L. cv Shulamit) and cotton (Gossypium hirsutum cv Acala SJ2) were grown in saline, isoosmotic media with different proportions of [K] ' he growth of expanding leaves was rapid at the time of sampling. Leaves were taken only from the main branch of cotton and from two to three of the larger branches of peanut. Leaves were frozen and then sap was expressed with a metal press. The osmotic pressure of leaf sap was determined by freezing point depression with a microosmometer (Precision Instruments). The microosmometer successfully measured all of the cotton samples but did not produce readings for 15% of the peanut samples, (though there were never fewer than two observations per treatment). Other measurements of the aqueous contents in leaf sap included: Na, Cl, EC, and the index of refraction, which were measured by a flame photometer, chloridometer, electrical conductivity meter, and a refractivity meter, respectively.
The contribution of K, Na, and Cl to the EC in sap could be estimated from the equation EC = XNk, where EC is expressed in decisiemens/meter (dS m-'), N is the sap concentration of an ion in mM, and k is equivalent conductance of an ion at 25C. Measurements of sap EC were of dilutions of 1:5 and 1:10 for cotton and peanut, respectively, and were in the range of 0.5 to 1.0 dS m-'. Assuming that K+, Na+, and Cl-in sap are in their free form, an EC between 0.5 and 1.0 dS m-' would cause the equivalent conductances of K+, Na+, and Cl-to be about 12% less than at infinite dilution, or 0.064, 0.041, and 0.065 dS m2, respectively. (Table I) . Also in peanut, the [K]0:[Na]0 ratio did not cause a significant increase in sap osmotic pressure except for expanded leaves at the highest 7ro (Table I) . In contrast, the intercepts of sap osmotic pressure versus [K]0 at each salt level indicated that 7i was sensitive to changes in 7ro and leaf type. As expected, salt stress increased sap osmotic pressure, and the sap osmotic pressure of expanding leaves was lower than expanded leaves at the low 7r0 and among ISOOSMOTIC REGULATION AT SALINE CONCENTRATIONS OF K AND Na controls (Table I) . Low osmotic pressure of expanding leaves has been attributed to the dilution of solutes due to high rates of expansive growth (4) . Consistent with the measurements of sap osmotic pressure, the relationship between leaf water potential and relative water content in expanding leaves of cotton was affected by wr0 but did not change due to the composition of isoosmotic media (Fig. 1) . The pressure volume curves indicate also that the proportion of
[K]0 did not affect cell turgor in the expanding leaves of cotton. The 7ri at full turgor is represented by the intercepts in Figure 1 and is equal to 437, 498, and 571 mosmol kg-' for the control, low 7r0, and high7r, respectively. These values approximated the intercepts of sap osmotic pressure versus [K]0 at each salt level ( Table I) .
The total concentration of inorganic osmolytes that were imported from isoosmotic media to the leaves could be assessed without measuring each sap solute, since the EC of the sum of K, Na, Cl in leaf sap accounted for the effect of different treatments on the EC of bulk leaf sap (Table II) . The linear regressions of the EC of bulk sap versus the EC of the sum of K, Na, and Cl had slopes of slightly less than one (Table II) , possibly because the assumption, that K+, Na+, and Cl-were in their free form, resulted in an overestimation of conductances. However, any treatment effect on the total concentration of unmeasured sap osmolytes of high conductance (including all unmeasured inorganic ions that were transported from the media) was small (Table III) . [K]0 (equal to an amount that would be equivalent to 100 and 60 mg sugars L'/mM [K]0) for peanut and cotton, respectively). The probability of no decrease in the index of refraction according to a t test was 0.017 and 0.077 for peanut and cotton, respectively. These results indicate that high proportions of [K]0 reduced the total concentration and total weight of organic osmolytes in expanding leaves.
In expanded leaves of cotton and peanut, sap osmotic pressure appeared dependent on the amount of ions imported from the external media (Figs. 2 and 3 Isoosmotic treatments caused large changes in the composition of leaf sap without substantially affecting growth (Table IV) (Table  IV) . However, shoot weight did not decline as [K]0 increased up to 30 and 125 mm for peanut and cotton, respectively (Table  IV) , and the length of expanded leaves was not affected by isoosmotic treatments (Table IV) .
DISCUSSION
The capacity of a tissue to maintain a particular 7ri when subjected to isoosmotic treatments of different composition was apparent in expanding leaves but not evident in expanded leaves. Under isoosmotic conditions, turgor homeostasis in expanding leaves of cotton was also apparent (Fig. 1 ) and was likely in the expanding leaves of peanut, given that cell turgor equals the difference between total water potential and Wi, assuming that the total water potential of fully turgid leaves approximated the water potential of the rooting medium (2) and that sap osmotic pressure approximated 1ri.
Changes in the composition of osmolytes under isoosmotic conditions were not a consequence of stress since isoosmotic media negligibly affected the length ofexpanded leaves and shoot dry weight, except at the highest [K]0:[Na]0 ratios (Table IV) (Figs. 2 and 3) . Homeostasis of7ri and cell turgor in expanding leaves under conditions which did not affect growth but caused different import rates of total inorganic solutes suggests an osmoregulatory mechanism that could buffer against changes in 7ri and cell turgor by controlling the total concentration of intracellular organic osmolytes of expanding leaves.
Our study did not show a capacity to maintain constant 7ri by limiting the total amount of inorganic ions imported to a tissue. Recent descriptions (3, 1 1) of the kinetics of ion uptake by roots have shown a nonsaturable, linear component in response to external concentrations beyond several mm. Probably, as a consequence of the linear component, isoosmotic media of different composition supplied close to the same amount of solutes to a tissue unless a solute was excluded, e.g. Na from peanut leaves (Table III) , and high 7r0 caused an increase in [Cl] i that was roughly proportional to the change in [Cl]o (Figs. 2 and 3) .
In newly expanded leaves, isoosmotic treatments of different solute availability did not significantly affect the total concentra- (15) and by excised seed coats of Viciafaba L. and Pisum sativum (26) . Patrick proposed that the total amount of solutes in the phloem companion cellsieve tube complex was regulated by a turgor homeostat. Thus, K influx into sieve elements at a loading site for photosynthate could decrease rates of sugar transport and decrease the concentration of organic solutes in sink tissues. A limitation on phloem loading of sugars should also cause an accumulation of organic solutes in expanded leaves but would be less likely to affect the concentration of organic solutes in leaves which have recently acquired photosynthetic autonomy, particularly if the sink:source ratio is low (8) as was the case in our study. (At the time of sampling, expanded leaves comprised approximately 75% of the leaf weight and reproductive growth was insignificant.)
Other studies show an accumulation of total solutes in tissues which were exposed to high external concentrations of phloemmobile solutes. Like the kinetics of K uptake into root segments (11) , the influx and loading of sucrose was described by a saturation and a linear component (7, 28) , but apparently only the saturation component was sensitive to changes in cell turgor (28) . Tissues that were bathed in different concentrations of sucrose did not exhibit isoosmotic regulation (14, 23) . Callus cells from explants of carrot used a wide range of solutes to achieve similar sap osmotic pressures, but had higher sap osmotic pressures when sucrose was more available (14) . Avena coleoptiles were also unable to maintain constant sap osmotic pressure when exposed to isoosmotic media with different proportions of NaCl and sucrose (23) . Unlike an attached, expanded leaf, these tissues had no sink for long distance transport of phloem-mobile solutes, and could be especially susceptible to solute accumulation.
According to Reinhold et al. (19) , an additional, less specific, turgor homeostat is located in cells that are not part of the phloem companion cell-sieve tube complex. They found that high iro increased proton extrusion and the influx of 3-0 methylglucose by leaf segments. Low turgor was postulated to signal an increase in the activity of the proton extrusion pump and increase the influx of solutes that are driven by protonmotive force (19) . However, high rates of K loading could prevent such a mechanism from lowering the concentration of organic solutes in source leaves. Under conditions of high K availability, the two turgor homeostats that have been postulated by Patrick (16) and Reinhold et al. (19) , one which would maintain the high turgor in sieve tubes and another which would maintain turgor in mesophyll cells, could conceivably account for isoosmotic regulation in sink leaves and the accumulation of solutes in source leaves.
